The weight gain of fish fed on the diets containing 12 and 25% of feather meal did not differ from that of fish fed on the control diet containing 80% of white fish meal, however, fish fed on the 37 and 50% feather meal diets gained less weight. The feed conversion efficiency and protein efficiency ratio of fish fed on the 12% feather meal diet were almost the same as in the control group, however, these efficiencies decreased as the proportion of feather meal in the diet increased from 25, 37 to 50%. Supplements of crystalline amino acids to the feather meal diet improved its nutritive value slightly. There was little difference in the proximate composition of the whole body together with the hematological and hematochemical
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parameters among the dietary groups tested.
The present study showed that 12 to 25% of feather meal is an appropriate substitute for fish meal in the diet of juvenile Japanese flounder. Most of the formulated diets for fish include a lot of fish meal as a protein source because of its high nutritive value and palatability. In Japan, an alternative protein source for fish meal has been the focus of attention in recent years because of falling catches of sardine which are the main ingredients in the diet, and studies on substitutional protein sources have been started with the yellowtail. 1-7) Many papers have been written on substitutional protein sources with various kinds of fish such as rainbow trout, [8] [9] [10] [11] [12] carp, 13-16) tilapia, 17,18) and catfish. 19,20) However, in formation on flatfish is scarce. ' 21,22) The Japanese flounder Paralichthys olivaceus is one of the most important aquaculture species in Japan, and production of the cultured fish ranked fourth among marine cultured finfish in 1991. This species is a highly carnivorous fish which needs a lot of protein (fish meal) for growth.23) In the previous paper,24) it was shown that purified soybean meal could replace a large part of the dietary fish meal in the diet of the flounder, however, the use of feather meal as a single source of protein in the diet resulted in very poor growth.
In this study, the availability of feather meal as a partial substitute for fish meal was evaluated using juvenile Japanese flounder by feeding diets containing 0 to 50% of feather meal. Materials and Methods
Experimental Diets
The ingredients and proximate compositions of the experimental diets are shown in Table 1 . Diet 1 was a control diet with 80% of white fish meal as a protein source. Diets 2 to 5 contained 12, 25, 37, and 50% of feather meal by replacing the fish meal (ratio of white fish meal protein to feather meal protein, 4: 1, 3: 2, 2: 3, and 1 :4, respectively), and were designed to be isonitrogenous to examine the effect of the level of dietary As shown in Table 1 , the crude protein contents of the diets were similar, however, the crude lipid contents in diets 4, 5, and 6 were lower. The amino acid composition of the experimental diets are shown in Table 2 , there was no marked difference in the essential amino acid composition except for the lysine content in diets 2 to 5. The lysine content decreased as the level of feather meal increased, although crystalline lysine-HCl was supplemented.
Meanwhile, the cystine, proline, and serine contents increased, and glutamic acid and aspartic acid decreased as the level of feather meal in the diet increased. 
Analysis
The proximate composition and amino acid composition of the experimental diet and proximate composition of the whole body were Table 2 . Amino acids composition of six experimental diets for Japanese flounder Table 3 . Growth data on Japanese flounder fed on the experimental diets for eight weeks *1 : Feed conversion efficiency (%, weight gain/feed intake) . 
Results and Discussion

Growth
The results of the feeding experiment are shown in Table  3 . In all dietary groups tested, fish fed actively through the experimental period and grew well. The weight gain in the initial 4 weeks of rearing was the highest in fish fed on the control diet and the 12% feather meal (diet 2) diet, and decreased as the level of the dietary feather meal increased (diets 3 to 5). In the following 4 weeks, the weight gain was higher on the 12 and 25% feather meal diets (diets 2 and 3) than the others. The final body weights of fish fed on diets 1 to 3 were almost the same and were significantly higher than those fed on diets 4 to 6 (p <0.05). A similar trend was observed in the body weight at the end of the initial 4 weeks. The feed conversion efficiency (FCE) and protein efficiency ratio (PER) were the highest in fish fed on the control diet and the 12% feather meal diet, and tended to decrease proportionally as the feather meal content in the diet increased. The fish fed on the diet supplemented with crystalline amino acids (diet 4) showed slightly better growth than those without supplementation (diet 6).
Utilization of feather meal in the diet of fish was analyzed using rainbow trout Oncorhynchus mykiss.*1,2 It was reported that fish fed on diets containing feather meal and blood meal as substitutional protein sources for fish meal showed far lower growth rates and lower feed conversion efficiencies than fish fed on white fish meal or a commercial diet. It was also shown that the addition of crystalline essential amino acids such as L-tryptophan, L-methionine, and L-lysine-HCl to feather meal resulted in better growth, as shown in this study. On the other hand, in chinook salmon Oncorhynchus tshawytscha,25) the specific growth rate and gross feed efficiencies of fish fed on diets containing 5 and 15% feather meal instead of fish meal did not differ from those of the fish fed on the control (0% feather meal) diet.
Body Composition
The whole body compositions of the experimental fish are shown in Table 4 . There was not marked difference in the moisture, crude protein, and crude ash contents among the dietary groups. However, the lipid level seemed to decrease as the dietary feather meal increased. The moisture, crude protein, and crude lipid contents in diet 5 were significantly different from those in the control diet (p < 0.1).
Hematological and Hematochemical Characteristics
The hematological characteristics and plasma con stituents are shown in Table 5 . The results are different to previous studies using soybean meal with yellowtail1,2,7): hemoglobin and red blood cell contents changed, and tended to decrease as the dietary feather meal increased. There was no significant difference in the red blood cell count, but the hemoglobin levels on the feather meal diets (diets 2 to 5) were significantly lower than on the control diet (p<0.1). The hematocrit value in diet I was not different from those in diets 2 to 5, and was significantly higher than in diet 6 (p < 0.1). In the plasma, protein and phosphate levels seem ed to decrease as the dietary feather meal increased. The results of the present study demonstrate that the inclusion of 12 to 25% feather meal (20 to 40% substitution for fish meal protein) as a substitute for fish meal in the diet of juvenile Japanese flounder is appropriate. This inclusion level is lower than those of soybean meal with yellowtail Seriola quinqueradiate,1,2,4,5,7) and with rainbow trout Oncorhynchus mykiss. 11) From the result of the previous study,24) in Japanese flounder, the digestibility of feather meal protein was much lower than that of white fish meal or purified soybean meal. This low digestibility is probably why feather meal is generally not used in the diet. The low digestibility of feather meal protein is also reported with chinook salmon. 26) In soybean meal, it has been shown that the treatment method such as heating, acid-washing, or alcohol wash ing has a serious effect on its nutritional value. 1,2.10,15)
Therefore, it is possible that improving the method of treating feather meal may allow more feather meal to be included in the diet of the flounder than shown in this study.
